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METHODS, SYSTEMS, AND ARTICLES OF
MANUFACTURE FOR IMPLEMENTING
HIGH CURRENT CARRYING
INTERCONNECTS IN ELECTRONIC
DESIGNS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This Application is related to U.S. patent application Ser.
No. 13/602,071 filed on Aug. 31, 2012 and entitled “METH-
ODS, SYSTEMS, AND ARTICLES OF MANUFACTURE
FOR ROUTING AN ELECTRONIC DESIGN USING
SPACETILES” and U.S. patent application Ser. No. 13/602,
069 filed on Aug. 31, 2012 and entitled “METHODS, SYS-
TEMS, AND ARTICLES OF MANUFACTURE FOR
ROUTING AN ELECTRONIC DESIGN USING SPACE-
TILES”, the content of both U.S. patent applications is hereby
incorporated by reference in its entirety for all purposes.

BACKGROUND

Integrated circuits, or ICs, are created by patterning a sub-
strate and materials deposited on the substrate. The substrate
is typically a semiconductor wafer. The patterned features
make up devices and interconnections. This process generally
starts with a designer creating an integrated circuit by hierar-
chically defining functional components of the circuit using a
hardware description language. From this high-level func-
tional description, a physical circuit implementation dataset
is created, which is usually in the form of a netlist. This netlist
identifies logic cell instances from a cell library, and describes
cell-to-cell connectivity.

Many phases of these electronic design activities may be
performed with computer aided design (CAD) tools or elec-
tronic design automation (EDA) systems. For example, an
integrated circuit designer may use a set of layout EDA appli-
cation programs, such as a layout editor, to create a physical
integrated circuit design layout from a logical circuit design.
The layout EDA application uses geometric shapes of difter-
ent materials to create the various electrical components onan
integrated circuit and to represent electronic and circuit IC
components as geometric objects with varying shapes and
sizes. After an integrated circuit designer has created an initial
integrated circuit layout, the integrated circuit designer then
verifies and optimizes the integrated circuit layout using a set
of EDA testing and analysis tools. Verification may include,
for example, design rule checking to verify compliance with
rules established for various IC parameters. The EDA layout
editing tools are often performed interactively so that the
designer can review and provide careful control over the
details of the electronic design.

Typically, geometric information about the placement of
the nodes and components onto the chip is determined by a
placement process and a routing process. The placement pro-
cess is a process for placing electronic components or circuit
blocks on the chip and the routing process is the process for
creating interconnections between the blocks and compo-
nents according to the specified netlist. The task of all routers
is the same—routers are given some pre-existing polygons
consisting of pins on cells and optionally some pre-routes
from the placers to create geometries so that all pins assigned
to different nets are connected by wires and vias, that all wires
and vias assigned to different nets do not overlap, and that all
design rules are obeyed. That is, a router fails when two pins
on the same net that should be connected are open, when two
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pins on two different nets that should remain open are shorted,
or when some design rules are violated during routing.

A layout file is created from the placement and routing
process, which assigns logic cells to physical locations in the
device layout and routes their interconnections. The physical
layoutis typically described as many patterned layers, and the
pattern of each layer is described by the union of a set of
polygons. The layout data set is stored, for example in GDSII
(“Graphic Data System I1I”’) or OASIS (“Open Artwork Sys-
tem Interchange Standard”) formats. Component devices and
interconnections of the integrated circuit are constructed
layer by layer. A layer is deposited on the wafer and then it is
patterned using a photolithography process and an etch pro-
cess.

In modern integrated circuits, some nets or interconnects
may be required to carry high current(s) between wide pins,
clusters of pins, or a combination of a wide pine and a cluster
of pins. As a result, some design may require a wider mini-
mum width for a high-current carrying interconnect so as to
keep the current density under control. Conventional
approaches are to route a “fat wire” between two pins. None-
theless, the conventional approach may fail when some
blockages or obstacles exist in the path of the “fat wire”. In
other words, such conventional approaches may not be able to
find viable routing solutions, especially in congested regions
of'a layout. In addition, these approaches do not involve any
search-based routing strategies or any area-based search
strategies in implementing the interconnects between the two
pins, pads, or terminals (hereinafter pin or pins.)

Thus, there exists a need for a method, a system, and an
article of manufacture for implementing high current carry-
ing interconnects. There also exist a need for a method, a
system, and an article of manufacture for implementing high
current carrying interconnects using strand routing of various
topologies while satisfying various physical or electrical con-
straints, rules, or requirements and generating an electronic
design that produces satisfactory results for various electrical
analyses.

SUMMARY

Disclosed are method(s), system(s), and article(s) of manu-
facture for implementing high current carrying interconnects
in one or more embodiments. Various embodiments imple-
ment the high current carrying interconnects by using at least
a search based pattern route strategy. Some embodiments
identify or determine a free or available area by sweeping a
region of interest in which the high current carrying intercon-
nects are to be implemented and identify or determine a
routing topology based at least in part upon some character-
istics of the source pin(s) and the destination(s).

Some embodiments further identify one or more strand
numbers for the pins and implement parallel, multiple strands
of'interconnects between the source pin(s) and the destination
pin(s). A routing topology may include an L-routing topol-
ogy, a Z-routing topology, or a straight-routing topology.
Some embodiments further analyses the region of interest
that may include circuit features or blockages to identify or
determine one or more valid intervals for the region of interest
and then use the one or more valid intervals to guide a routing
engine to implement the high current carrying interconnects
between source pin(s) and destination pin(s). Some embodi-
ments use spacetiles created by a spacetile punch process to
determine the one or more valid intervals for guiding the
routing engine to implement the high current carrying inter-
connects between pins.
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Some embodiments are directed at a hardware system that
may be invoked to perform any of the methods, processes, or
sub-processes disclosed herein. The hardware system may
include at least one processor or at least one processor core,
which executes one or more threads of execution to perform
any of the methods, processes, or sub-processes disclosed
herein in some embodiments. The hardware system may fur-
ther include one or more forms of non-transitory machine-
readable storage media or devices to temporarily or persis-
tently store various types of data or information. Some
exemplary modules or components of the hardware system
may be found in the System Architecture Overview section
below.

Some embodiments are directed at an article of manufac-
ture that includes a non-transitory machine-accessible stor-
age medium having stored thereupon a sequence of instruc-
tions which, when executed by at least one processor or at
least one processor core, causes the at least one processor or
the at least one processor core to perform any of the methods,
processes, or sub-processes disclosed herein. Some exem-
plary forms of the non-transitory machine-readable storage
media may also be found in the System Architecture Over-
view section below.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate the design and utility of various
embodiments of the invention. It should be noted that the
figures are not drawn to scale and that elements of similar
structures or functions are represented by like reference
numerals throughout the figures. In order to better appreciate
how to obtain the above-recited and other advantages and
objects of various embodiments of the invention, a more
detailed description of the present inventions briefly
described above will be rendered by reference to specific
embodiments thereof, which are illustrated in the accompa-
nying drawings. Understanding that these drawings depict
only typical embodiments of the invention and are not there-
fore to be considered limiting of its scope, the invention will
be described and explained with additional specificity and
detail through the use of the accompanying drawings in
which:

FIG. 1 illustrates a high level block diagram for a system
for implementing high current carrying interconnects in some
embodiments.

FIG. 2 illustrates a top level flow diagram for implementing
high current carrying interconnects in some embodiments.

FIG. 3 illustrates a more detailed flow diagram for imple-
menting high current carrying interconnects in some embodi-
ments.

FIG. 4 illustrates a more detailed flow diagram for imple-
menting high current carrying interconnects in some embodi-
ments.

FIG. 5 illustrates a more detailed flow diagram for option-
ally clustering some pins in an electronic circuit design in
some embodiments.

FIG. 6 illustrates a more detailed flow diagram for deter-
mining available areas for implementing interconnects in
some embodiments.

FIG. 7 illustrates another more detailed flow diagram for
determining available areas for implementing interconnects
in some embodiments.

FIG. 8 includes partial views FIGS. 8A-B which jointly
illustrate a more detailed flow diagram for determining a
strand of interconnects in some embodiments.

FIGS.9A-D illustrate some typical cases of routing strands
of interconnects between two pins in some embodiments.
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FIG. 10 illustrates an example for routing between two
wide pins in an area including some blockages in some
embodiments.

FIG. 11 illustrates more details about the example for rout-
ing between two wide pins in an area including some block-
ages shown in FIG. 10 in some embodiments.

FIG. 12 illustrates more details about the example for rout-
ing between two wide pins in an area including some block-
ages shown in FIGS. 10-11 in some embodiments.

FIG. 13 illustrates more details about the example for rout-
ing between two wide pins in an area including some block-
ages shown in FIGS. 10-12 in some embodiments.

FIG. 14 illustrates more details about the example for rout-
ing between two wide pins in an area including some block-
ages shown in FIGS. 10-13 in some embodiments.

FIGS. 15A-D illustrate some exemplary results of the typi-
cal cases of routing strands of interconnects between two pins
shown in FIGS. 9A-D in some embodiments.

FIG. 16 illustrates some exemplary strand routing results
between pins using the L-route in some embodiments.

FIG. 17 illustrates some exemplary strand routing results
between pins using the Z-route in some embodiments.

FIG. 18 illustrates some exemplary multi-port to multi-port
strand routing results using the L-route in some embodi-
ments.

FIG. 19 illustrates two exemplary multi-port to single-port
strand routing results using the Z-route in some embodi-
ments.

FIG. 20 illustrates some exemplary strand routing results
using the straight-line route in some embodiments.

FIG. 21 illustrates some exemplary search based patterns
with blockage shapes in some embodiments.

FIG. 22 illustrates some exemplary search based patterns
with blockage shapes in some embodiments.

FIG. 17 illustrates another post addition or modification
design of the portion of the electronic circuit design that
accommodates the aggressor while preserving the relative
order of multiple interconnects in some embodiments.

FIG. 23 illustrates a computerized system on which a
method for implementing multi-layer local maximal span-
ning routing paths may be implemented.

DETAILED DESCRIPTION

Various embodiments of the invention are directed to a
methods, systems, and articles of manufacture for imple-
menting high current carrying interconnects. Other objects,
features, and advantages of the invention are described in the
detailed description, figures, and claims.

Various embodiments will now be described in detail with
reference to the drawings, which are provided as illustrative
examples of the invention so as to enable those skilled in the
art to practice the invention. Notably, the figures and the
examples below are not meant to limit the scope of the present
invention. Where certain elements of the present invention
may be partially or fully implemented using known compo-
nents (or methods or processes), only those portions of such
known components (or methods or processes) that are neces-
sary for an understanding of the present invention will be
described, and the detailed descriptions of other portions of
such known components (or methods or processes) will be
omitted so as not to obscure the invention. Further, various
embodiments encompass present and future known equiva-
lents to the components referred to herein by way of illustra-
tion.

Disclosed are method(s), system(s), and article(s) of manu-
facture for implementing high current carrying interconnects
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in one or more embodiments. Various embodiments identify
or determine a region of interest for routing high current
carrying interconnects between one or more source pins and
one or more destination pins. Some embodiments further
process the region of interest to identify or determine a first
set of one or more valid intervals by sweeping across the
region of interest in a first direction using one or more space-
tiles. Some other embodiments may further process the
region of interest to identify or determine a second set of one
or more valid intervals by sweeping across the region of
interest in a second direction.

Some embodiments sweep across the region of interest by
using spacetiles created by a spacetile punch process. These
embodiments may also identify a routing topology for imple-
menting the high current carrying interconnects based at least
in part upon, for example, a routing topology. Some embodi-
ments may also identify or determine one or more strand
numbers, each of which indicates the number of strands that
is to be used in implementing the high current carrying inter-
connects. Various embodiments may then implement the high
current carrying interconnects by using the one or more
strand numbers and the routing strategy by performing a
search-based pattern route within the region of interest. Vari-
ous embodiments may consider one or more physical require-
ments, one or more electrical requirements, one or more
manufacturing requirements, or one or more functionalities
of the high current carrying interconnects in implementing
the interconnections between source pin(s) and destination
pin(s). Various details of any of the processes, sub-processes,
oracts are further provided below with reference to respective
drawing figures.

FIG.11illustrates a high level block diagram for a method or
a system for generating multi-layer local maximally spanning
routing paths in a fractured space in some embodiments. In
one or more embodiments, the system for generating multi-
layer local maximally spanning routing paths in a fractured
space may comprise one or more computing systems 100,
such as a general purpose computer described in the System
Architecture Overview section to implement one or more
special proposes.

In some embodiments, the one or more computing systems
100 may invoke various system resources such as the proces-
sor(s) or processor core(s), memory, disks, etc. The one or
more computing systems 100 may also initiate or interact
with other computing systems to access various resources 128
that may comprise a global routing engine and/or a detail
routing engine 114, a layout editor 116, a design rule checker
118, a verification engine 120, etc. The one or more comput-
ing systems 100 may further write to and read from a local or
remote volatile or non-volatile computer accessible storage
112 that stores thereupon data or information such as, but not
limited to, one or more databases (124) such as schematic
design database(s) or physical design database(s), libraries,
data, rule decks, constraints, etc. (122), or other information
or data (126) that may be used to facilitate the performance of
various functions to achieve the intended purposes.

In some embodiments, the one or more computing systems
100 may, either directly or indirectly through various
resources 128 to invoke various software, hardware modules
or combinations thereof 152 that may comprises a routing
layer or layout feature identification module 102 to identify
one or more features or one or more layers, an analysis or
determination module 104 to make various determinations, a
spacetile operation module 106 to process any tasks involving
spacetiles or spacetile layers either alone or jointly with one
or more other modules, one or more routing modules 108
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such as a global router or a detail router, a layout or physical
design editor 110, a valid interval management module 150,
etc.

In some embodiments, the one or more features of the first
routing layer comprises a soft or hard track, a blockage, a via,
an existing circuit component, a spacetile, or an area probe, or
a combination thereof associated with the first routing layer.
In some embodiments, the layer or feature identification mod-
ule identifies one or more layers, such as metal 1 and metal 2,
as well as a via layer therebetween, that are relevant to imple-
mentation of one or more interconnects from an electronic
design. The identification of such one or more layers that are
relevant to implementation of one or more interconnects will
be described in greater details in subsequent paragraphs.

FIG. 2 illustrates a top level flow diagram for implementing
high current carrying interconnects in some embodiments. In
one or more embodiments, the method for implementing high
current carrying interconnects comprises the process 202 of
identifying multiple pins for which the implementation of
interconnects among these multiple pins is desired. In these
embodiments, the method may further comprise the process
204 for identifying a region of interest to determine one or
more available areas for implementing interconnects between
the multiple pins identified at 202. A region of interest will be
described in greater details in subsequent paragraphs. In some
embodiments, the method may further comprise the process
206 of determining or identifying a number of strands for
implementing interconnects between two pins. It shall be
noted that a pin may refer to a single pad, terminal, or pin or
a cluster of multiple pins, pads, terminals, or a combination
thereof and will be collectively referred to as a “pin” unless
otherwise specifically recited in the application.

In some embodiments, the number of strands for routing
between two pins may be specified or provided by, for
example, the designer, the foundry, or may be determined
based on the various requirements such as the requirement for
maximum current density, electro-migration (EM) limit, tim-
ing analyses, noise analyses, etc. More details about deter-
mining available space for implementing interconnects will
be described in subsequent paragraphs with reference to
FIGS. 6-7. At 208, the method may further comprise the
process 208 of determining a strand of interconnects between
two pins based at least in part upon the routing topology of the
strand of interconnects, one or more design constraints,
design rules, or design requirements (hereinafter requirement
or requirements, collectively), the number of strands, or one
or more search strategies such as an area-based search strat-
egy. More details about the determining a strand of intercon-
nects will be provided in subsequent paragraphs with refer-
ence to FI1G. 8.

FIG. 3 illustrates a more detailed flow diagram for imple-
menting high current carrying interconnects in some embodi-
ments. In one or more embodiments, the method for imple-
menting high current carrying interconnects may comprise
the process 302 for identifying multiple pins in an electronic
design. In some embodiments, the process 302 may identify
one or more characteristics of the multiple pins. The one or
more characteristics may include the absolute positions of
each of the multiple pins, the relative positions between a
source pin and a destination pin of the multiple pins, the
relative orientation between a source pin and a destination pin
of'the multiple pins, the geometric shapes or coordinates of at
least some of the multiple pins, the sizes of at least some of the
multiple pins, distance(s) between a pin and its neighboring
pin(s) (certain pins have only one neighboring pin on only one
side, and some other pins may have neighboring pins on both
sides), or a combination thereof, etc. in some embodiments.
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In some embodiments, the method may optionally com-
prise the process 304 of clustering at least some of the mul-
tiple pins to form a single pin based at least in part upon a
predicate. In some embodiments, the predicate may include,
for example but not limited to, a threshold distance between
two adjacent pins in some embodiments. In these embodi-
ments, the method may cluster two pins and form a single,
wide or wider pin if the distance between these two pins is
smaller than or equal to the threshold distance. In some
embodiments, the method may cluster two pins and form a
single, wider pin by using a bounding box whose boundaries
coincide with at least some of the boundaries of these two
pins. In some embodiments, the method may cluster two pins
and form a single, wider pin by creating the single, wider pin
with the same area as the sum of the areas of the two indi-
vidual pins and place the single, wider pin at an appropriate
location.

In some embodiments, the method may optionally com-
prise the process 306 of determining a region of interest based
at least in part on the multiple pins identified at 302. In some
embodiments where one or more characteristics of at least
some of the multiple pins are also identified, the method may
further determine the region of interest based at least in part
on the one or more characteristics. In some embodiments, the
region of interest comprises a region in the electronic design
that encompasses at least the source pin(s), the destination
pin(s), and at least some available space.

In various embodiments, the region of interest may or may
not comprise one or more blockages in the vicinity of the
source pin(s) and the destination pin(s), regardless of whether
or not the blockage(s) exist in the same vicinity of the source
pin(s) and the destination pin(s). That is, existing blockages
may or may not be “carved out” from the vicinity of the source
pin(s) and the destination pin(s) to form the region of interest.
In some embodiments, the region of interest is a dynamic
region that changes during the implementation of at least
some of multiple interconnects between the source pin(s) and
the destination pin(s). In some embodiments, the region of
interest is a static region that remains unchanged and encom-
passes the needed space for the implementation of all the
interconnects between the source pin(s) and the destination
pin(s).

In some embodiments, the method may optionally com-
prise the process 308 of determining one or more available
areas within the region of interest for implementing one or
more interconnects between a source pin and a destination
pin. In some embodiment s, the method determines the one or
more available areas by processing the region of interest.
More details about determining one or more available areas
for implementing one or more interconnects will be described
in subsequent paragraphs with reference to FIGS. 6-7. In
some embodiments, the method may optionally comprise the
process 310 of identifying or determining a routing topology
for implementing one or more interconnects between a source
pin and a destination pin of the multiple pins.

In some embodiments where multiple strands of intercon-
nects are to be used to interconnect the source pin and the
destination pin, each of these multiple strands is to have a
similar routing topology. A first routing topology is said to be
similar to a second routing topology if the two routing topolo-
gies have the same number of bends in some embodiments. In
some embodiments, the first routing topology is said to be
similar to a second routing topology if the configuration of
interconnects in the first routing topology is the same as that
in the second routing topology. For example, if the first rout-
ing topology emanates from the source pin with a horizontal
wire segment followed by a vertical wire segment and then a
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second horizontal segment that is connected to the destination
pin, the second routing topology is said to be similar to the
first routing topology if the second routing topology also
emanates from a source pin with a horizontal wire segment
followed by a vertical wire segment and then a second hori-
zontal segment that is connected to its destination pin. It shall
be noted that two similar routing topologies may or may not
require that each wire segment in is of certain length or two
adjacent interconnects are of a fixed spacing.

In some embodiments, the routing topology may comprise
an L-routing topology where an L-route make one bend,
which is not necessarily a 90-degree bend, to appear like the
letter L, a Z-routing topology where an Z-route make two
bends, each of which is not necessarily a 90-degree bend, to
appear like a letter Z, and a straight-routing topology where a
straight interconnect is used to connect a source pin and a
destination pin. In some embodiments, the method may iden-
tify or determine the routing topology based at least in part
upon the source pin and the destination pin. For example, the
method may identify or determine the routing topology based
atleast in part upon the positions of the source and destination
pins, the relative position of the source and destination pins,
the relative orientation of the source and destination pins, etc.
In some embodiments, the method may further identify or
determine the routing topology based at least in part upon a
requirement or preference to reduce the length of certain
interconnects.

As another example, the method may analyze the source
and destination pins 906C and 902C in FIG. 9C and deter-
mine that a straight route is viable and thus identifies the
straight-routing topology as the routing topology. The
method may analyze the source and destination pins 902A
and 906A in FIG. 9A and determine that both an L-route and
a Z-route are viable and thus identifies the L.-routing topology
or the Z-routing topology as the routing topology. The
method may analyze the source and destination pins 902B
and 906B in FIG. 9B and determine that both an L-route and
a Z-route are viable and thus identifies the L.-routing topology
or the Z-routing topology as the routing topology. The
method may analyze the source and destination pins 902D
and 906D in FIG. 9D and determine that an L-route is viable
and thus identifies the L-routing topology.

In some embodiments, the method may optionally com-
prise the process 312 of identifying one or more requirements
for implementing the electronic design. The one or more
requirements may comprise, for example but not limited to, a
requirement of current density or densities at various frequen-
cies for various interconnects, a requirement of electro-mi-
gration limit(s), constant spacing requirement(s) or spacing
requirement(s) based on parallel run-length(s), requirement
(s) of width(s) of various interconnects, the functionality of
certain wires or interconnects (e.g., for differential pairs,
screens, etc.), electrical constraints, or physical constraints,
etc. In some embodiments, the method may optionally com-
prise the process 314 of identifying or determining one or
more numbers of strands for routing interconnects between
the source pin and the destination pin. The number of strands
of interconnects connected to the source may or may not be
the same as the number of strands of interconnects connected
to the destination pins. In addition, the number of strands of
the intermediate or bridging interconnect segments in a
Z-routing topology may or may not be the same as either
number of strands of interconnects connected to the source
pin and the destination pin.

In some embodiments, the number of strands of intercon-
nect segments may be specified or prescribed by, the designer,
the foundry, the specification of the electronic design, etc. In
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some embodiments, the number of strands of interconnect
segments may be determined by the maximum allowable
number of interconnect segments based at least in part on, for
example, the length of the pin, the width of each interconnect
segment connected to the pin, etc. In some embodiments, the
strand number may be determined based at least in part upon
a redundancy requirement. For example, if the minimum
strand number for a given wire width and a given current
density is three, the method may determine the strand number
to be any number greater than three such that the strand of
interconnects include one or more redundant interconnects to
cope with, for example, failures.

In some embodiments where the strand number indicates
the number of strands for the bridging interconnect segments,
the strand number may be determined based on the strand
number for the source pin, the strand number for the destina-
tion pin, or both. For example, the strand number for the
bridging interconnect segments may be the larger or the
smaller of the strand numbers for the source pin and the
destination pin. In some embodiments, the method may
optionally comprise the process 316 of implementing a strand
of'interconnects for the multiple pins in the electronic design.
In some embodiments, the process 316 implements the strand
of interconnects based at least in part upon a criterion that
comprises, for example but not limited to, the routing topol-
ogy, one or more requirements, or one or more number of
strands.

In some embodiments, the process 316 implements the
strand of interconnects by using a search-based routing strat-
egy including, for example but not limited to, an area-based
search strategy or a degenerated area-based search strategy by
using one or more areas, one or more spacetiles, one or more
area probes associated with one or more areas or one or more
spacetiles, or a combination thereof. A spacetile comprises an
n-dimensional geometric entity in the routing space in some
embodiments. The method may then identify a spacetile as an
area probe to guide a router (e.g., a point-to-point router that
routes an interconnect between two points in the design) to
perform area search for routing an electronic design. An area
probe may be used to store information such as the informa-
tion about the spacetile itself, various information about rout-
ing the interconnect (e.g., destination location, beginning
location, etc.) in some embodiments.

In some embodiments, the method may further mark or
label the spacetiles. In various embodiments, a spacetile may
be used as an area probe by the method or system to search for
viable routing solutions. Regardless of the dimensionality of
a spacetile, a space tile may be considered as an area probe,
whereas the zero- and one-dimensional spacetiles are consid-
ered degenerated area probes. In some embodiments, the
method may optionally comprise the process 318 of strapping
the strand of interconnect segments at the intersections. In
some embodiments where the electronic design being pro-
cessed includes multiple layers each having its own preferred
routing direction, the process 318 may strap the strand of
interconnect segments at their intersection(s) by using one or
more vias at their intersection(s).

FIG. 4 illustrates a more detailed flow diagram for imple-
menting high current carrying interconnects in some embodi-
ments. In one or more embodiments, the method for imple-
menting high current carrying interconnects may comprise
the process 402 for identifying multiple pins in an electronic
circuit design. In some embodiments, the process 402 com-
prises the acts that are substantially similar to those described
with reference to 302 in FIG. 3. In some embodiments, the
method may optionally comprise the process 404 of cluster-
ing at least some of the multiple pins into one single pin based
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at least in part upon a criterion. More details about clustering
at least some of multiple pins into one single pin will be
described in subsequent paragraphs with reference to FIG. 5.

In some embodiments, the method may optionally com-
prise the process 406 of determining a region of interest based
at least on the multiple pins. The process 406 may comprise
various acts that are substantially similarto those described in
306 of FIG. 3 in some embodiments. In some embodiments,
the method may optionally comprise the process 408 of deter-
mining one or more available areas by processing the region
ofinterest determined or identified at 406. More details about
determining one or more available areas will be described in
subsequent paragraphs with reference to FIGS. 6-7.

At 410, the method may further identify or determine a
routing topology based at least in part upon the multiple pins
or one or more characteristics associated with at least some of
the multiple pins in some embodiments. The process 410 may
include substantially similar acts as those described for 310 of
FIG. 3 in some embodiments. In some embodiments, the
method may optionally comprise the process 412 of identi-
fying one or more requirements for the electronic circuit
design under consideration. The one or more requirements
may comprise, for example but not limited to, a requirement
of current density or densities at various frequencies for vari-
ous interconnects, a requirement of electro-migration limit
(s), constant spacing requirement(s) or spacing requirement
(s) based on parallel run-length(s), requirement(s) of width(s)
of various interconnects, the functionality of certain wires or
interconnects (e.g., for differential pairs, screens, etc.), elec-
trical constraints, or physical constraints, etc. The one or
more requirements may include a hard requirement that must
be satisfied, a soft requirement that may be relaxed orignored,
or a combination.

In some embodiments, the method may optionally com-
prise the process 414 of identifying or determining one or
more strand numbers for routing interconnects between two
of the multiple pins identified at 402. In various embodi-
ments, a strand number is used to determine the number of
interconnect segments that are to be created for routing
between two pins. For routing between two pins in an elec-
tronic circuit design, there may be one, two, or even more than
two different strand numbers, depending upon the routing
topology for the interconnects connecting the source pin and
the destination pin. In some embodiments, the method may
optionally comprise the process 416 of determining whether
one or more physical characteristics, one or more electrical
characteristics, or a combination thereof with the one or more
strand numbers determined at 414.

For example, the process 416 may check whether the num-
ber of interconnects as prescribed by the strand number(s) as
well as other requirement(s) (e.g., minimum width of an
interconnect, etc.) meet the current density requirement(s) in
some embodiments. As another example, the process 416
may check whether the number of interconnects as prescribed
by the strand number(s) as well as other requirement(s) (e.g.,
minimum spacing requirement, etc.) meet the noise require-
ment. As another example, the process 416 may check
whether the number of interconnects meet the timing require-
ment or noise requirement based on, for example, the routing
topology and the locations of the pins in the electronic circuit
design.

In some embodiments, the method may optionally com-
prise the process 418 of determining whether there exist some
blockage shapes in the region of interest. In some of these
embodiments, if the process 418 determines that there exist
some blockage shapes in the region of interest, the process
418 may further optionally determine whether a blockage
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shape in the region of interest may negatively affect the like-
lihood of determining a viable routing solution between a
source pin and a destination pin of the multiple pins with the
strand number(s) identified at 414 or the routing topology
identified or determined at 410. In some of these embodi-
ments, the process 418 may determine whether a blockage
shape may be modified. In some of these embodiments where
the process 418 determines that the blockage shape may be
modified, the process 418 may further include moditying
(e.g., shrinking, etc.) the shape of the blockage shape.

In some of these embodiments, the process 418 may
include re-positioning the blockage shape by, for example,
rotating the blockage shape at the same location, translating
the blockage shape to another location, or both. In some of
these embodiments, the process 418 may modify the block-
age shape based at least in part upon the routing topology. For
example, if the routing topology is likely to require horizontal
interconnect segments in the vicinity of a blockage shape, the
process 418 may modity, if possible, the blockage shape by
re-orienting, translating, modifying the shape of the block-
age, or a combination thereof such that the blockage shape no
longer impedes the implementation of the interconnect seg-
ments between a source pin and a destination pin of the
multiple pins.

In some embodiments, the method may optionally com-
prise the process 420 of determining whether at least one
interconnect segment is to be re-sized to a wider or narrower
width. In some of these embodiments, the process 420 makes
the determination based at least in part upon the strand num-
ber(s) the at least one interconnect segment is associated with,
one or more requirements (e.g., minimum spacing design
rule, minimum width design rule, cross-coupling require-
ment(s), noise requirement(s), current density requirement(s)
or EM limit(s), or a combination thereof, etc. That is, the
method may adjust an interconnect segment (width, spacing,
etc.), modify a blockage shape, or perform both to implement
the interconnect segment in some embodiments. In some
embodiments, the method may optionally comprise the pro-
cess 422 of determine whether one or more requirements may
be relaxed.

For example, if the processes determine that, after modi-
fying the blockage shape and/or adjusting the interconnect
segment(s), there still does not exist a viable routing solution
to implement a strand of interconnects, the process 422 may
determine whether some requirements, such as the spacing
rule, may be relaxed based at least in part upon, for example
but not limited to, one or more performance or manufactur-
ability requirements. For example, the process 422 may deter-
mine whether the minimum spacing rule may be relaxed to
allow a narrower spacing value between two neighboring
interconnects or between an interconnect and a circuit feature
(e.g., a blockage shape) such that the relaxed requirement will
result in a viable routing solution for the strand of intercon-
nects. A circuit feature may include, for example but not
limited to, an interconnect segment, a circuit component, a
block of circuit components, etc.

In some embodiments, the method may comprise the pro-
cess 424 of determining one or more valid or live intervals
(hereinafter valid interval or valid intervals) to implement
interconnection between a source pin and a destination pin of
the multiple pins. More details of determining one or more
valid intervals will be described in subsequent paragraphs
with reference to FIGS. 6-7. In some embodiments, the
method may comprise the process 426 of implementing mul-
tiple-strand interconnects between a source pin and a desti-
nation pin of the multiple pins. More details of implementing
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multiple-strand interconnects between a source pin and a
destination pin will be described in subsequent paragraphs
with reference to FIG. 8.

In some embodiments, the method may optionally com-
prise the process 428 of strapping at least some of the imple-
mented interconnects. In some embodiments where each ofa
plurality of layers has a preferred routing direction, the pro-
cess 428 may strap at least some of the implemented inter-
connects by, for example, using one or more vias at the
intersection(s) of two or more interconnects belonging to two
adjacent routing layers.

FIG. 5 illustrates a more detailed flow diagram for option-
ally clustering some pins in an electronic circuit design in
some embodiments. In one or more embodiments, the process
304 or 404 of clustering at least some of the multiple pins
comprise the process 502 of identifying a threshold require-
ment of proximity between two neighboring pins of the mul-
tiple pins to be interconnected. For example, the threshold
requirement of proximity may require that two adjacent pins
having a distance smaller than or equal to the threshold
requirement of proximity be clustered into one wider pin.

In some embodiments, the process 304 or 404 of clustering
at least some of the multiple pins comprise the process 504 of
identifying pins that are within the threshold requirement of
proximity to one or more neighboring pins. In one or more
embodiments, the process 304 or 404 of clustering at least
some of the multiple pins comprise the process 506 of clus-
tering the pins identified at 504 into one or more wider pins.
A wider pin may have an identical area as the sum of the areas
of the individual, constituent pins in some embodiments. A
wider pin may have a boundary that matches a bounding box
encompassing the individual, constituent pins in some other
embodiments.

FIG. 6 illustrates a more detailed flow diagram for deter-
mining available areas for implementing interconnects in
some embodiments. In one or more embodiments, the process
304 or 408 of implementing interconnects by processing the
region of interest may comprise the process 602 ofidentifying
a first boundary of the region of interest. In some embodi-
ments, the first boundary is parallel to a first routing direction
of a first routing later. For example, the process 602 may
identify the left boundary or the right boundary of the region
of interest as the first boundary. In some embodiments, the
process 304 or 408 may comprise the process 604 of project-
ing geometries in the region of interest onto the first boundary
identified at 602 to create a first set of projected geometries
along the first boundary. In these embodiments, the projected
geometries along the first boundary include zero-dimensional
points and one-dimensional line segments.

In some embodiments, the process 304 or 408 may com-
prise the process 606 of fragmenting the first boundary based
at least in part upon the first set of projected geometries along
the first boundary of the region of interest. In some embodi-
ments, the process 304 or 408 may comprise the process 608
of determining a first set of one or more valid intervals along
the first boundary based at least in part upon the fragmenta-
tion results. In these embodiments, a valid interval comprises
a zero- (a degenerated interval) or one-dimensional interval
along a boundary ofthe region of interest which is not covered
by any projected geometries from the geometries in the region
of interest. In other words, a valid interval comprises a point
or a line segment along a boundary of the region of interest
from which a routing engine may start searching for viable
routing solutions.

In some embodiments, the process 304 or 408 may com-
prise the process 610 of identifying a second boundary of the
region of interest. In some embodiments, the second bound-
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ary is in the second routing direction of a second routing layer
that is immediately atop or below the first routing layer. In the
example above where the process 602 identifies the left
boundary of the region of interest as the first boundary which
is parallel with a vertical routing direction of a first routing
layer, the process may then identify either the top or the
bottom boundary, which is parallel to a second routing of a
horizontal second routing layer that is atop or below the
vertical first routing layer, of the region of interest as the
second boundary. It shall be noted that two orthogonal routing
directions are used in this example. Nonetheless, various
embodiments described herein are not limited to only
orthogonal routing directions for implementing the intercon-
nects on various routing layers.

In some embodiments, the process 304 or 408 may com-
prise the process 612 of projecting the geometries in the
region of interest onto the second boundary to for a second set
of projected geometries along the second boundary in a sub-
stantially similar manner as that described for process 604
above. In some embodiments, the process 304 or 408 may
comprise the process 614 of fragmenting the second bound-
ary based at least in part upon the second set of projected
geometries along the second boundary. In some embodi-
ments, the process 304 or 408 may comprise the process 616
of determining a second set of one or more valid intervals
along the second boundary of the region of interest based at
least upon the fragmentation results obtained from process
614.

In some embodiments, the process 304 or 408 may com-
prise the process 618 of creating or associating one or more
probes (e.g., an area probe) with the first set of one or more
valid intervals or with the second set of one or more valid
intervals or with both the first set and the second set of one or
more valid intervals. An area probe represents an n-dimen-
sional geometric entity or object in the context of object-
oriented programming in which or on which the center line(s)
of interconnect(s) may lie and thus may be used by various
embodiments of the method or system to perform area search
in order to determine the route for an interconnect. An area
probe may be used to store information such as the informa-
tion about the zero-, one-, or two-dimensional area itself,
various information about routing the interconnect (e.g.,
exact or approximate location, distance, or direction of the
destination, exact or approximate location, direction, or dis-
tance of the beginning point of the route, or associated design
rule(s), etc.) to guide search for routing the interconnect in
some embodiments. In these embodiments, the process 618
may identify a valid interval (zero- or one-dimensional ) along
aboundary of the region of interest and identify the geometric
entity (an area or a line segment) in the region of interest and
create or associate an area probe with the geometric entity to
guide a routing engine to search for a viable routing solution.

FIG. 7 illustrates another more detailed flow diagram for
determining available areas for implementing interconnects
in some embodiments. In one or more embodiments, the
process 308 or 408 for determining one or more available
areas for implementing interconnects may comprise the pro-
cess 702 of performing a spacetile punch process for the
region of interest to generate a first set of spacetiles. It shall be
noted that the recitation of “a spacetile punch” does not nec-
essarily a single spacetile punch. Rather, the recitation of “a
spacetile punch” refers to the performance of the spacetile
punch process, which is explained in greater details below,
and thus may include one or more “spacetile punches”.

In some embodiments, the process 308 or 408 may com-
prise the process 704 of identifying a first boundary of the
region of interest identified at 702 in a substantially similar
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manner as that described for 602 and 610 with reference to
FIG. 6. In some embodiments, the process 308 or 408 may
comprise the process 706 of optionally partitioning at least
one spacetile into multiple smaller spacetiles. In these
embodiments, the optional process 706 generates a first set of
finer spacetiles. More details about the spacetile punch pro-
cess and partitioning a spacetile are described in U.S. patent
application Ser. No. 13/602,071 filed on Aug. 31, 2012 and
entitled “METHODS, SYSTEMS, AND ARTICLES OF
MANUFACTURE FOR ROUTING AN ELECTRONIC
DESIGN USING SPACETILES” and U.S. patent application
Ser. No. 13/602,069 filed on Aug. 31, 2012 and entitled
“METHODS, SYSTEMS, AND ARTICLES OF MANU-
FACTURE FOR ROUTING AN ELECTRONIC DESIGN
USING SPACETILES”, the content of both U.S. patent appli-
cations is hereby incorporated by reference in its entirety for
all purposes.

In some embodiments, the process 308 or 408 may com-
prise the process 708 of performing search starting from the
first boundary across the region of interest by using the first
set of spacetiles or the first set of finer spacetiles. That is, the
process 708 may perform the search by using some of the
spacetiles created at 702 or by using some partitioned, finer
spacetiles created by the optional partitioning process 706. In
some of these embodiments, the process 708 may use one or
more area probes associated with the corresponding space-
tiles to guide, for example, the routing engine, to perform
area-based search for viable routing solutions. In some
embodiments, the process 308 or 408 may optionally com-
prise the process 710 of determining a first set of live space-
tiles by discarding one or more spacetiles that fail to cover the
span of the region of interest.

For example, FIG. 10 illustrates a simplified region of
interest 1000 including three blockage shapes 1002. FIG. 10
also illustrates some exemplary spacetiles 1010, 1020, 1012,
and 1014. The spacetiles 1012 and 1014 may be created by the
spacetile punch process. The spacetiles 1010 and 1020 may
be created by the spacetile punch process first and then by the
partitioning process to form two finer spacetiles, rather than a
larger spacetile that represents the union 01010 and 1020. In
this example shown in FIG. 10, spacetiles 1012 and 1014 fail
to span across substantially the entire span of the region of
interest in the first direction 1016 and thus may be discarded
from the first set of live spacetiles for routing horizontal
interconnects in some embodiments.

It shall be noted that a live spacetile in the set may need to
span across substantially the entire length (or width) of the
region of interest because, for example, the region of interest
1000 may or may not encompass the widths of the pins 1006
and 1004. In the example shown in FIG. 10, the region of
interest 1000 does encompass the widths of pins 1004 and
1006. Nonetheless, the region of interest may also be identi-
fied not to include such widths. In some other embodiments,
the spacetiles, although failing span across substantially the
entire length (or width) of the region of interest, may none-
theless be considered as the live spacetiles because certain
electronic designs (such as the one shown in FIG. 10) may not
have straight interconnects between two pins. In the example
shown in FIG. 10, the interconnects are more likely to assume
a z-routing topology.

As a result, the horizontal interconnects connected to pins
1006 and those connected to pin 1004 are unlikely to span
across substantially the entire length of the region of interest
1000. Similarly, spacetiles 1010 and 1020 also fail to span
across substantially the entire region of interest 1000 in the
second direction 1018 and thus may be discarded from the
second set of live spacetiles for routing vertical interconnects
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in some embodiments. In some embodiments, the process
308 or 408 may comprise the process 712 of storing the first
set of live spacetiles that may be used for area-based search
along a first direction such as a first routing direction for a first
routing layer. In some embodiments, the process 308 or 408
may comprise the process 714 of identifying a second bound-
ary of the region of interest in a substantially similar manner
as that described for process 610 with reference to FIG. 6.

In some embodiments, the process 308 or 408 may option-
ally comprise the process 716 of partitioning at least one
spacetile into multiple smaller spacetiles and storing the mul-
tiple smaller spacetiles in a second set of finer spacetiles in a
substantially similar manner as that described for process 706
above. In some embodiments, the process 308 or 408 may
comprise the process 718 of performing a search starting
from the second boundary across the region of interest using
the second set of spacetiles or the second set of finer space-
tiles. In some embodiments, the method may perform area-
based search by creating or associating one or more area
probes with one or more spacetiles created by the spacetile
punch process at 702 or the set of finer spacetiles created by
the partitioning process at 706 and 716. More details about
the search-based routing strategy using spacetiles or area
probes are described in U.S. patent application Ser. No.
13/602,071 filed on Aug. 31, 2012 and entitled “METHODS,
SYSTEMS, AND ARTICLES OF MANUFACTURE FOR
ROUTING AN ELECTRONIC DESIGN USING SPACE-
TILES” and U.S. patent application Ser. No. 13/602,069 filed
on Aug. 31, 2012 and entitled “METHODS, SYSTEMS,
AND ARTICLES OF MANUFACTURE FOR ROUTING
AN ELECTRONIC DESIGN USING SPACETILES”, the
content of both U.S. patent applications is hereby incorpo-
rated by reference in its entirety for all purposes.

In some embodiments, the process 308 or 408 may option-
ally comprise the process 720 of determining a second set of
live spacetiles by discarding one or more spacetiles that fail to
span across the region of interest in a second direction such as
a second routing direction of a second routing layer. In some
embodiments, the process 308 or 408 may optionally com-
prise the process 722 of storing the second set of live space-
tiles for a search strategy along the second direction such as a
second routing direction of a second routing layer.

FIG. 8 includes partial views FIGS. 8A-B which jointly
illustrate a more detailed flow diagram for implementing a
strand of interconnects in some embodiments. In one or more
embodiments, the process 316 or 426 of implementing a
strand of interconnects may comprise the process 802 of
identifying a first set of pins and a second set of pins. For
example, the process 802 may identify the first set of pins as
the source and the second set of one or more pins as the
destination. In some embodiments, the process 316 or 426
may comprise the process 804 of identifying a first strand
number for the first set of one or more pins. In some embodi-
ments, the number of strands of interconnect segments may
be specified or prescribed by, the designer, the foundry, the
specification of the electronic design, etc.

In some embodiments, the number of strands of intercon-
nect segments may be determined by the maximum allowable
number of interconnect segments based at least in part on, for
example, the length of the pin, the width of each interconnect
segment connected to the pin, etc. In some embodiments, the
strand number may be determined based at least in part upon
a redundancy requirement. In some embodiments, the pro-
cess 316 or 426 may comprise the process 806 of performing
a search for a viable routing solution to implement a first
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interconnect segment in the first strand of interconnects for
the first set of one or more pins by using a first set of space-
tiles.

For example, the process 806 may perform an area-based
search by using some of the first set of spacetile to determine
where within the some of the first set of spacetiles the center-
line of an interconnect may lie. In some embodiments, the
process 806 may identify a spacetile from the first set of
spacetiles as an area probe to guide a router (e.g., a point-to-
point router that routes an interconnect between two points in
the design) to perform area-based search for routing the inter-
connect. An area probe represents a n-dimensional geometric
entity or an object within the context of object-oriented pro-
gramming in which or on which the center line(s) of inter-
connect(s) may lie and thus may be used by various embodi-
ments of the method or system to perform area search in order
to determine the route for an interconnect.

An area probe may be used to store information such as the
information about the spacetile itself, various information
about routing the interconnect (e.g., destination location,
beginning location, etc.) to guide the routing engine or other
processes to implement the interconnect in some embodi-
ments. An area probe may also be associated with a cost value
or a cost function for the method to determine the cost of
implementing an interconnect in a certain manner. In some
embodiments, the process 316 or 426 may comprise the pro-
cess 808 of implementing the remaining interconnect seg-
ment(s) (IS, ) to form a first multi-strands of interconnect
segments for the first set of pins using the first set of spacetiles
that are created by the spacetile punch process for the region
of interest.

In some of these embodiments, the process 808 may imple-
ment the remaining interconnect segment(s) based at least on
the strand number identified for the first set of pins. In some
embodiments, the process 808 may implement the remaining
interconnect segment(s) based at least in part upon one or
more requirements that may include, for example but not
limited to, spacing requirement(s), electrical requirement(s)
(e.g., noise or parasitics), physical requirement(s), etc. In
some embodiments, the process 316 or 426 may comprise the
process 810 of identifying a second strand number for the
second set of pins. In some embodiments, the second strand
number may be determined by the maximum allowable num-
ber of interconnect segments based at least in part on, for
example, the length of the pin, the width of each interconnect
segment connected to the pin, etc.

In some embodiments, the second strand number may be
determined based at least in part upon a redundancy require-
ment as described for process 314 with reference to FIG. 3. In
some embodiments, the process 316 or 426 may comprise the
process 812 of determining whether the first set of spacetiles
can be used to implement the interconnect(s) for the second
set of pins. Referring to FIGS. 9A-D as examples, FIG. 9B
shows two pins 902B and 906B in the same orientation. Ifthe
routing engine chooses a Z-routing topology to implement
the interconnects between these two pins, the horizontal inter-
connect segments connected to both pins may be imple-
mented by using the same set of spacetiles in some embodi-
ments. Of course, the method may always perform the
spacetile punch process to determine a new set of spacetiles
for each interconnect segment being implemented in some
other embodiments.

FIG. 9C shows two pins 902C and 906C that not only are
laid out in the same orientation but also are aligned horizon-
tally. In this example shown in FIG. 9C, the routing engine is
more likely to choose a straight-routing topology to imple-
ment the entire interconnect(s) with one set of spacetiles.
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FIGS. 9A and D show two pins that are orthogonal to each
other. In these two examples, the method may choose the
L-routing topology to implement the interconnect(s) between
two pins. In some embodiments, the method may still use the
same set of spacetiles to implement the interconnects in both
examples. In some other embodiments, the method may per-
form the spacetile punch process first for the vertical pin (e.g.,
906A and 906D) and then a separate spacetile punch process
for the horizontal pin (902A and 902D) to form at least two
sets of spacetiles. Of course, the method may always perform
the spacetile punch process for each interconnect segment
that is being implemented in some embodiments because the
design actually changes dynamically with the implementa-
tion of each interconnect segment.

In some embodiments, the process 316 or 426 may com-
prise the process 814 of performing a search using the first set
of spacetiles or the second set of spacetiles to implement the
interconnect segment(s) for the second set of pins. In some
embodiments, the process 316 or 426 may comprise the pro-
cess 816 of implementing the remaining interconnect seg-
ment(s) for the second set of pins to form a second multi-
strands of interconnects based at least in part on a criterion. In
some embodiments, the criterion may comprise the second
strand number identified at 812 or one or more requirements,
etc. as those described for 808 above. In some embodiments,
the process 316 or 426 may comprise the process 818 of
determining whether the first multi-strands of interconnects
intersect the second multi-strands of interconnects.

In some of these embodiments where the process 818
determines that these two multi-strands of interconnects do
intersect each other (e.g., one interconnect segment from the
first multi-strands intersects one or more interconnect seg-
ments in the second multi-strands or vice versa), the process
818 may strap the first multi-strands and the second multi-
strands at the intersection(s). At 820, the process 316 or 426
may go to 822 if it determines that the first multi-strands do
notintersect the second multi-strands. FIGS. 15A-D illustrate
some examples of this determining and strapping processes.

For example, the method may implement the first multi-
strands 1510 A connected to pin 1502A (or 1510D to 1514D,
1508D, and 1516D in F1G. 15D) and the second multi-strands
1014 A connected to pin 1504 A (or 1512D to 1504D in FIG.
15D) and find that these two multi-strands intersect. The
process 820 may identify the intersections and strap the first
multi-strands 1510A (or 1510D in FIG. 15D) and the second
multi-strands 1514A (or 1512D in FIG. 15D) by using, for
example, a via 1508 A or 1506A (or 1506D in FIG. 15D)if the
electronic design includes a horizontal routing layer in which
the second multi-strands 1514 A reside and a vertical routing
layer in which the first multi-strands 1510A reside. Nonethe-
less, the first set 15208 does not intersect the second set
1514B in Fig. B. Therefore, the process 820 goes to 822 in this
example shown in FIG. 15B. The intersections and thus the
completion of the implementation of interconnects between
1504B and 1502B are subsequently achieved by implement-
ing the third multi-strands of interconnects 1510B with, for
example, vias 1508B, 15068, etc.

Referring back to FIG. 8, In some embodiments where the
process 820 determines that the first multi-strands do not
intersect the second multi-strands, the process 316 or 426
may comprise the process 822 ofidentifying a bridging strand
number based at least in part upon the first strand number and
the second strand number. In some of these embodiments, the
process 822 may identify the smaller number or the larger
number between the first strand number and the second strand
number as the bridging strand number. In some embodiments,
the process 822 may identify any number as the bridging
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strand number based at least in part upon, for example but not
limited to, the electrical requirement(s) (e.g., current densi-
ties, EM limits, noise, parasitics, timing etc.), the physical
requirement(s) (e.g., spacing, congestion, width, etc.) or
other requirement(s) (e.g., yield, manufacturability, etc.)

In some embodiments, the process 316 or 426 may com-
prise the process 824 of identifying a first interconnect seg-
ment from the first multi-strands and a second interconnect
segment from the second multi-strands. In some embodi-
ments, the process 316 or 426 may comprise the process 826
ofiidentifying a second interconnect segment from the second
multi-strands on interconnect segments. In some of these
embodiments, the processes 824 and 826 may identify any
specific interconnect segment from each set in any order.

In some embodiments, the process 316 or 426 may com-
prise the process 828 of implementing a first bridging inter-
connect segment that joins or intersects both the first inter-
connect segment of the first multi-strands and the second
interconnect segment of the second multi-strand by using a
second set of spacetiles. In some embodiments, the process
316 or 426 may comprise the process 830 of implementing
the remaining multi-strands interconnect segment(s), if any,
to bridge one or more interconnect segments from the first
multi-strands and the second multi-strands. In some embodi-
ments, the process 316 or 426 may comprise the process 832
of strapping the first multi-strands, the second multi-strands,
and the bridging interconnect segment(s) by using, for
example, vias.

FIGS. 9A-Dillustrate some typical cases of routing strands
of interconnects between two pins in some embodiments.
FIG. 9A illustrates a horizontal pin 902 A, a vertical pin 906 A,
and a schematic illustration of a net 904A interconnect the
two pins. FIG. 9B illustrates two vertical pins 902B and 906B
that are offset both vertically and horizontally and are inter-
connected with a schematic illustration of a new 904B. FIG.
9C illustrates two vertical pins 902C and 906C that are offset
only horizontally and are interconnected with a schematic
illustration of'a net 904C. F1G. 9D illustrates a single wide pin
906D and a cluster of multiple pins 902D that are intercon-
nected with a schematic illustration of a net 904D. The single,
wide pin 906D is arranged orthogonally to the cluster of
multiple pins 902D in FIG. 9D. Some exemplary implemen-
tation results of interconnects for the pin arrangement shown
in FIGS. 9A-D are illustrated in FIGS. 15A-D.

FIG. 10 illustrates an example for routing between two
wide pins in an area including some blockages in some
embodiments. More specifically, FIG. 10 shows a region of
interest 1000 encompassing three blockage shapes, 1002, and
two single, wide pins 1006 and 1004 interconnected with a
schematic imaginary illustration of a net 1008. FIG. 10 also
shows the horizontal direction 1018, which may be the pre-
ferred routing direction of a first routing layer, and the vertical
direction 1016, which may be the preferred routing direction
of'asecondrouting layer. FIG. 10 also shows a few, but not all,
exemplary spacetiles, 1010, 1006, 1012, and 1014, that may
be determined by a spacetile punch process and/or a spacetile
partitioning process.

FIG. 11 illustrates more details about the example for rout-
ing between two wide pins in an area including some block-
ages shown in FIG. 10 in some embodiments. More specifi-
cally, FIG. 11 shows the blockage shapes 1106, and two sets
of search areas for routing interconnects, 1110 and 1108
which overlap one another. The areas occupied by the block-
age shapes 1106 represent unavailable space for the search for
viable routing solutions. The two sets of search areas 1110
and 1108 may be determined by some of the spacetiles cre-
ated by a spacetile punch process.
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FIG. 12 illustrates more details about the example for rout-
ing between two wide pins in an area including some block-
ages shown in FIGS. 10-11 in some embodiments. More
specifically, FIG. 12 shows the implementation of some
exemplary interconnect segments, 1204, 1202, and 1206, by
perform an area-based search with the two sets of search areas
1110 and 1108. As it may be seen from FIG. 12, the method
may identify the bottom search area or spacetile 1110, start
with the pin 1104, and determine where to implement the
interconnect segment 1206 within the spacetile or search area
1110 across the entire spacetile or search area 1110.

The method may also perform a substantially process to
implement the interconnect segment 1204 by using the upper
spacetile or search area 1110 by starting at 1102 and imple-
ment the interconnect 1204 by continuing the search within
the spacetile or search area 1110 until the interconnect
reaches a blockage or the boundary of the spacetile 1110 or
the region of interest based at least in part upon, for example,
a spacing requirement between 1204 and 1106. The method
may also perform a substantially similar process to imple-
ment the bridging interconnect segment 1202 by starting on
either 1204 (or 1206) based at least in part upon, for example,
a spacing requirement for 1202 and 1106, and continue its
search in the vertical direction until the search reaches the
upper boundary of the bottom 1110. The method may then
identify an adjacent spacetile or search area 1108 to continue
its search for a viable solution until it reaches either the end of
the current spacetile or search area or the boundary of the
region of interest. It shall be noted that the interconnect seg-
ments 1202, 1204, and 1206 in FIG. 12 do not represent the
final implementation of these interconnect segments.

FIG. 13 illustrates more details about the example for rout-
ing between two wide pins in an area including some block-
ages shown in FIGS. 10-12 in some embodiments. More
specifically, FIG. 13 shows that the interconnects 1206, 1202,
and 1204 have been trimmed to appropriate lengths. In addi-
tion, FIG. 13 shows additional interconnect segments 1302,
which may be implemented in a substantially similar manner,
based at least in part upon, for example, a spacing require-
ment for 1302 and 1204, an interconnect segment 1306,
which may be implemented in a substantially similar manner
based at least in part upon the spacing requirement for 1306
and 1206, and another bridging interconnect segment 1304 to
bridge 1302 and 1306. It shall be noted that FIG. 13 shows
that 1306 is of some different width. It shall also be noted that
the interconnect segments 1302, 1304, and 1306 in FIG. 13 do
not represent the final implementation of these interconnect
segments.

FIG. 14 illustrates more details about the example for rout-
ing between two wide pins in an area including some block-
ages shown in FIGS. 10-13 in some embodiments. More
specifically, FIG. 14 illustrates a completed implementation
of interconnection between the two wide pins 1104 and 1102.
The multi-strands connected to the single, wide pin 1104
includes two interconnect segments—1206 and 1306. The
strand number associated with pin 1104 in this example is
thus two. The multi-strands connected to the single, wide pin
1102 includes three interconnect segments—1204, 1302, and
1404. The strand number associated with pin 1102 in this
example is thus three. The difference in the strand number for
pins 1102 and 1104 is due at least in part to the locations of the
neighboring blockage shapes 1106. The bridging intercon-
nect segments, 1202, 1304, and 1402, interconnect the two
multi-strands of interconnect segments and are strapped
together at each of the intersections by using, for example,
vias 1408. It shall be noted that each 0£ 1202, 1304, and 1402
intersects both the multi-strands including 1206 and 1306 and

40

45

50

20
the multi-strands including 1404, 1204, and 1302 in this
example. Nonetheless, it is not necessarily required to have
each bridging interconnect intersect each of the other inter-
connects connected to the pins.

FIGS. 15A-D illustrate some exemplary results of the typi-
cal cases of routing strands of interconnects between two pins
shown in FIGS. 9A-D respectively in some embodiments.
FIG. 15A illustrates two pins 1502A and 1504 A with the first
set of multi-strands of interconnects 1510A connected to
1502A and the second set of multi-strands of interconnects
1514 A by using an L-route topology. Each interconnect in
each set of multi-strands (e.g., 1510A) intersects each inter-
connect in the other set of multi-strands (e.g., 1514A), and a
via is used to strap two intersecting interconnects at their
intersections.

FIG. 15B shows two wide pins 1502B and 1504B that are
both horizontally and vertically offset from each other. The
first set of multi-strands of interconnects 1520B are con-
nected to 1502B, and the second set of multi-strands of inter-
connects 15048 are connected to 1504B. Each bridging inter-
connect of the multi-strands of bridging interconnects 1510B
intersects with each interconnect in the first set as well as the
second set, and vias 15068 and 1508B are used to strap the
intersecting interconnects at their intersections by using a
Z-route topology.

FIG. 15C illustrates two vertically placed pins 1502C and
1504C that are horizontally offset from each other and are
interconnected with straight interconnect segments 1506C by
using a straight-routing topology. FIG. 15D shows a single,
wide pin 1504D and a cluster 1502D of three pins 1514D,
1508D, and 1516D. The first set of multi-strands of intercon-
nects 1512D are connected to the single, wide pin 1504D, and
the second set of multi-strands of interconnects 1510D are
connected to the respective pins in the cluster 1502D. Each
interconnect segment in one of these two sets of multi-strands
of interconnect segments intersects all of the interconnect
segments in the other set. Vias 1506D are used to strap these
intersecting interconnect segments if the electronic design
includes a horizontal routing layer in which the first set of
multi-strands of interconnects 1512D resides and a vertical
routing layer in which the second set of multi-strands of
interconnects 1510D resides, and if the horizontal routing
layer is not allowed to have vertical interconnects, and the
vertical routing layer is not allowed to have horizontal inter-
connects. In some embodiments where a single routing layer
is permitted to have interconnects in both the preferred and
non-preferred routing directions, no vias will be needed to
strap the intersecting interconnect segments.

FIG. 16 illustrates some exemplary strand routing results
between pins using the L-route in some embodiments. That is,
in the two nets shown in FIG. 16, the method may adopt the
L-routing topology to implement the interconnect segments
between a source pin and a destination pin. The strand number
for each of the four pins in FIG. 16 is three. Also note that each
interconnect in one direction of each net intersects all the
other interconnects in the other direction.

FIG. 17 illustrates some exemplary strand routing results
between pins using the Z-route in some embodiments. That is,
in the two nets shown in FIG. 17, the method may adopt the
Z-routing topology to implement the interconnect segments
between a source pin and a destination pin. Also note that
each interconnect in one set of multi-strands of interconnects
of a net intersects all the other interconnects in the other two
sets of multi-strands of interconnects. The strand number for
each of the four pins in FIG. 17 is also three.

FIG. 18 illustrates some exemplary multi-port to multi-port
strand routing results using the L-route in some embodi-
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ments. The first multi-port 1804 includes three pins, and the
second multi-port 1802 includes seven pins. The method
selects the L-routing topology to implement the interconnect
segments in FIG. 18 based on the arrangement or relative
position of the two multi-ports 1802 and 1804.

FIG. 19 illustrates two exemplary multi-port to single-port
strand routing results using the Z-route in some embodi-
ments. More specifically, each of 1902 and 1904 represents a
single, wide pin, and each of 1906 and 1908 represents a
cluster of multiple pins. As shown in FIG. 19, cluster 1908
includes six pins, and cluster 1906 includes four pins. The
method chooses Z-routing topology to implement the two
nets. Moreover, the net interconnecting 1902 and 1906 has the
strand number of four throughout the entire net, whereas the
net interconnecting 1904 and 1908 has two different strand
numbers—three and six.

FIG. 20 illustrates some exemplary strand routing results
using the straight-line route in some embodiments. The
method chose the straight-route topology in implementing
the two nets shown in FIG. 20 with a strand number of three
for each net.

FIG. 21 illustrates some exemplary search based patterns
with blockage shapes in some embodiments. More specifi-
cally, FIG. 21 shows the multi-port-to-multi-port net between
the cluster of two pins 2110 and the cluster of four pins 2112
and the multi-port-to-single port net between the cluster 2108
of three pins and the single, wide pin 2106. FIG. 21 also
shows the presence of two blockage shapes 2102 and 2104
that results in uneven spacing among the interconnect seg-
ments connected to 2108. The interconnect segments con-
nected to 2112 also shows uneven spacing that may be due to
a design choice or other requirement(s).

For example, even if the process selects the areas or space-
tiles 2206 and 2208 to initiate the search for viable solution in
some embodiments, the search will find that these two space-
tiles or areas do not provide viable solutions due to the pres-
ence of the blockage shape 2204 because the search does not
result in a solution that leads to the destination or the bound-
ary of the region of interest. In some embodiments, the space-
tiles such as 2206 and 2208 will be removed from the set of
live spacetiles before the initiation of the search as described
above such that the method will not identify such spacetiles or
areas for the search for viable solutions. Similarly, one or
more other spacetiles may also be removed due the presence
of the blockage shape 2202 in these embodiments.

It shall be noted that although the Manhattan grid is used in
the above examples, various embodiments described herein
shall not be limited as such, and that various embodiments
also apply with full and equal effects to electronic circuit
designs with oblique interconnects (e.g., 45-degree or 135-
degree route segments). It shall also be noted that although the
Manhattan grid is used in the above examples, various
embodiments described herein shall not be limited to gridded
electronic circuit designs because the Manhattan grid is used
in the above example to provide reference to directions for
describing the relationships between an aggressor and the
region of interest or the spacetile, and that various embodi-
ments also apply with full and equal effects to gridded and
gridless as well as tracked and trackless electronic circuit
designs.

In some embodiments, the identified layer may comprise
tracks. A track may comprise a line of zero thickness on which
the centerline of an interconnect lies. In some embodiments
where a preferred or default routing direction is defined, a
track along the preferred or default routing direction is called
a right-way track. A track that does not lie along the preferred
or default routing direction is called a wrong-way track in
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these embodiments. It shall be noted that the aforementioned
definitions of right-way tracks and wrong-way tracks are not
limited to Manhattan routing directions that are perpendicular
to each other and may also applied to two routing directions at
an oblique angle for a given layer.

In some embodiments where a layer is associated with
some tracks, the layer may be deemed “tracked” or “track-
based”, which are used interchangeably in this application. A
layer will be deemed trackless or not track-based if the layer
is not associated with any tracks (e.g., no right-way tracks and
wrong-way tracks.) In some embodiments where a layer is
associated with both the right-way tracks and the wrong-way
tracks, the layer may be deemed as gridded or grid-based. In
these embodiments, a grid is defined by the intersection of a
right-way track and a wrong-way track. If alayer is associated
with only one set of tracks (e.g., right-way tracks) but not the
other (e.g., wrong-way tracks), the layer may be deemed
gridless or not grid-based. Therefore, a gridded layer is
always tracked because a gridded layer requires the tracks in
the preferred or default routing direction (e.g., right-way
tracks) and in the other direction (e.g., wrong-way tracks) to
determine the grids, which are the intersections of the two sets
of tracks. On the other hand, a gridless layer may be tracked
ortrackless because a gridless layer may contain only one set
oftracks (e.g., the right-way tracks) or no tracks at all. Insome
embodiments where a gridless layer contains only one set of
tracks, the layer is nonetheless tracked or track based. In some
other embodiments where a gridless layer contains no tracks
at all in either direction, the gridless layer is also trackless.

It shall be noted that various embodiments disclosed herein
apply with full and equal effects to any tracked or trackless
layer and also to any gridded or gridless layer. If shall also be
noted that various embodiments disclosed herein apply with
equal effect to a layer which may include tracks (right-way
tracks or both right-way and wrong-way tracks) in a smaller
portion of the layer whereas the remainder of the layer is
trackless. If shall also be noted that various embodiments
disclosed herein apply with equal effect to a layer which may
be gridded in a smaller portion of the layer whereas the
remainder of the layer is gridless or even trackless.

On the other hand, a trackless layer is always gridless
because there exist no tracks at all on the layer to form grids.
If shall also be noted that various embodiments disclosed
herein apply with equal effect to a layer which may include
non-uniform tracks or non-uniform grids in some embodi-
ments. These embodiments do not require uniform tracks or
uniform grids for achieving the all the intended purposes.
Some embodiments further distinguish between a soft track
and a hard track. A hard track is enforced by one or more
design rules that require an interconnect to stay on a track and
prohibit any off-track interconnects. A soft track may be
enforced by one or more design rules that require an inter-
connect to stay on a track to the extent possible and may allow
some off-track interconnects if the on-track requirements
cannot be successfully enforced without increasing, for
example, the cost, difficulty, etc. beyond some permissible
thresholds or without causing other violations of, for
example, one or more design rules.

It shall also be noted that the grids described herein may
refer to the routing grids, which are formed by electronic
design automation (EDA) tools while routing an electronic
design. A place and route tool may then place and route
among the routing grids, which may be defined by the EDA
tools, the circuit designers, or the design rules. A placement
tool may also define or use placement grids, which may be
determined to be multiples of the size of the manufacturing
grids, to align cells, macros, blocks, etc. in the design.
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Manufacturing grids are defined by the foundries that ref-
erence the manufacturing grids, for example, for mask design
and manufacturing to fabricate the electronic circuits accord-
ing to their designs. Manufacturing grids are process specific
because these grids usually represent the resolution threshold
for specific manufacturing processes and are usually speci-
fied in technology files or a file that includes a specification
for representing the physical layout of an electronic circuit
(e.g., an LEF (library exchange format) file.) A typical manu-
facturing grid for 0.18 micron technology nodes is 5 nanom-
eters. In other words, manufacturing grids exist because these
grids are imposed by the foundries, and manufacturing grids
are usually uniform. Unless otherwise expressly specified, a
grid or grids refer to a routing grid or routing grids in this
application. Nonetheless, it shall be noted that some embodi-
ments may leverage the existing of the manufacturing grids to
achieve various intended purposes because such manufactur-
ing grids are imposed by the foundries.

System Architecture Overview

FIG. 23 illustrates a block diagram of an illustrative com-
puting system 2300 suitable for implementing a physical
electronic circuit design with multiple-patterning techniques
as described in the preceding paragraphs with reference to
various figures. Computer system 2300 includes a bus 2306 or
other communication mechanism for communicating infor-
mation, which interconnects subsystems and devices, such as
processor 2307, system memory 2308 (e.g., RAM), static
storage device 2309 (e.g., ROM), disk drive 2310 (e.g., mag-
netic or optical), communication interface 2314 (e.g., modem
or Ethernet card), display 2311 (e.g., CRT or LCD), input
device 2312 (e.g., keyboard), and cursor control (not shown).

According to one embodiment, computer system 2300 per-
forms specific operations by one or more processor or pro-
cessor cores 2307 executing one or more sequences of one or
more instructions contained in system memory 2308. Such
instructions may be read into system memory 2308 from
another computer readable/usable storage medium, such as
static storage device 2309 or disk drive 2310. In alternative
embodiments, hard-wired circuitry may be used in place of or
in combination with software instructions to implement the
invention. Thus, embodiments of the invention are not limited
to any specific combination of hardware circuitry and/or soft-
ware. In one embodiment, the term “logic” shall mean any
combination of software or hardware that is used to imple-
ment all or part of the invention.

Various actions or processes as described in the preceding
paragraphs may be performed by using one or more proces-
sors, one or more processor cores, or combination thereof
2307, where the one or more processors, one or more proces-
sor cores, or combination thereof executes one or more
threads. For example, the act of specifying various net or
terminal sets or the act or module of performing verification
or simulation, etc. may be performed by one or more proces-
SOrs, one or more processor cores, or combination thereof. In
one embodiment, the parasitic extraction, current solving,
current density computation and current or current density
verification is done in memory as layout objects or nets are
created or modified.

The term “computer readable storage medium” or “com-
puter usable storage medium” as used herein refers to any
medium that participates in providing instructions to proces-
sor 2307 for execution. Such a medium may take many forms,
including but not limited to, non-volatile media and volatile
media. Non-volatile media includes, for example, optical or
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magnetic disks, such as disk drive 2310. Volatile media
includes dynamic memory, such as system memory 2308.

Common forms of computer readable storage media
includes, for example, electromechanical disk drives (such as
a floppy disk, a flexible disk, or a hard disk), a flash-based,
RAM-based (such as SRAM, DRAM, SDRAM, DDR,
MRAM, etc.), or any other solid-state drives (SSD), magnetic
tape, any other magnetic or magneto-optical medium, CD-
ROM, any other optical medium, any other physical medium
with patterns of holes, RAM, PROM, EPROM, FLASH-
EPROM, any other memory chip or cartridge, or any other
medium from which a computer can read.

In an embodiment of the invention, execution of the
sequences of instructions to practice the invention is per-
formed by a single computer system 2300. According to other
embodiments of the invention, two or more computer systems
2300 coupled by communication link 2315 (e.g., LAN,
PTSN, or wireless network) may perform the sequence of
instructions required to practice the invention in coordination
with one another.

Computer system 2300 may transmit and receive mes-
sages, data, and instructions, including program, i.e., appli-
cation code, through communication link 2315 and commu-
nication interface 2314. Received program code may be
executed by processor 2307 as it is received, and/or stored in
disk drive 2310, or other non-volatile storage for later execu-
tion. In an embodiment, the computer system 2300 operates
in conjunction with a data storage system 2331, e.g., a data
storage system 2331 that contains a database 2332 that is
readily accessible by the computer system 2300. The com-
puter system 2300 communicates with the data storage sys-
tem 2331 through a data interface 2333. A data interface
2333, which is coupled to the bus 2306, transmits and receives
electrical, electromagnetic or optical signals that include data
streams representing various types of signal information, e.g.,
instructions, messages and data. In embodiments of the
invention, the functions of the data interface 2333 may be
performed by the communication interface 2314.

In the foregoing specification, the invention has been
described with reference to specific embodiments thereof. It
will, however, be evident that various modifications and
changes may be made thereto without departing from the
broader spirit and scope of the invention. For example, the
above-described process flows are described with reference
to a particular ordering of process actions. However, the
ordering of many of the described process actions may be
changed without affecting the scope or operation of the inven-
tion. The specification and drawings are, accordingly, to be
regarded in an illustrative rather than restrictive sense.

We claim:

1. A computer implemented method for implementing cur-
rent carrying interconnects in an electronic design, compris-
ing:

using at least one processor or at least one processor core of

an electronic design automation (EDA) system to per-
form a process, the process comprising:

identifying a first pin and a second pin of a plurality of pins

in the electronic design;

determining or identifying an available area for intercon-

necting the first pin and the second pin by analyzing a
region of interest; and

implementing a first interconnect for the first pin based at

least in part upon a first strand number for the first
interconnect used to connect the first pin and the second
pin and an electric current requirement, rather than upon
changing a width of the first interconnect for the first pin.
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2. The computer implemented method of claim 1, wherein
the act of implementing the first interconnect for the first pin
is based further at least in part upon a routing topology, one or
more requirements, or a second strand number.

3. The computer implemented method of claim 2, the pro-
cess further comprising:

determining or identifying the routing topology based at

least in part upon a characteristic of the first pin and the
second pin of the plurality of pins.

4. The computer implemented method of claim 2, the one
or more requirements comprising a physical requirement, an
electrical requirement, a performance requirement, a manu-
facturing requirement, or a functionality of the first intercon-
nect in the electronic design.

5. The computer implemented method of claim 3, the char-
acteristic comprises a first position of the first pin and a
second position of the second pin, a first orientation of the first
pin and a second orientation of the second pin, or relative
orientation of the first pin and the second pin.

6. The computer implemented method of claim 1, wherein
the act of implementing the first interconnect for the first pin
is based further at least in part upon an area-based search
strategy.

7. The computer implemented method of claim 1, the pro-
cess further comprising:

clustering multiple pins of the plurality of pins to form a

single pin.

8. The computer implemented method of claim 7, wherein
the act of clustering the multiple pins comprises:

identifying a threshold requirement of proximity between

two adjacent pins of the multiple pins;

identifying the multiple pins based at least in part upon the

threshold requirement of proximity; and

clustering the multiple pins into the single pin based at least

in part upon an area match or a boundary match.

9. The computer implemented method of claim 1, the pro-
cess further comprising:

strapping the first interconnect for the first pin and a second

interconnect for the second pin at an intersection of the
first interconnect and the second interconnect.

10. The computer implemented method of claim 1, the
process further comprising:

identifying a blockage in the region of interest; and

determining whether the blockage can be modified.

11. The computer implemented method of claim 1, the
process further comprising:

determining or identifying one or more first valid intervals

for the region of interest.

12. The computer implemented method of claim 11, the act
of determining or identifying the one or more first valid
intervals comprising:

identifying a first boundary segment of the region of inter-

est;

projecting one or more geometries of the electronic design

onto the first boundary to form one or more projected
geometries along the first boundary;

fragmenting the first boundary based at least in part upon

the one or more projected geometries; and

identifying the one or more first valid intervals in the region

of interest based at least in part upon a fragmentation
result of the first boundary.

13. The computer implemented method of claim 11, the act
of determining or identifying the one or more first valid
intervals comprising:

generating a first set of spacetiles by at least performing a

spacetile punch for the region of interest;
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identifying a first boundary of the region of interest based
at least in part upon the first pin or the second pin; and

identifying or determining the one or more first valid inter-
vals with respect to the first boundary based at least in
part upon analyzing at least some of the first set of
spacetiles.

14. The computer implemented method of claim 13, the act
of determining or identifying the one or more first valid
intervals further comprising:

partitioning a spacetile of the first set of spacetiles into

multiple finer spacetiles.

15. The computer implemented method of claim 13, the act
of determining or identifying the one or more first valid
intervals further comprising:

creating one or more area probes by using at least some of

the first set of spacetiles.

16. The computer implemented method of claim 1,
wherein the act of implementing the first interconnect com-
prises:

performing an area-based search using at least one space-

tile of a first set of spacetiles to identify a first routing
solution from the first pin; and

implementing the first interconnect for the first pin by

using at least the first routing solution.
17. The computer implemented method of claim 16,
wherein the process further comprises:
identifying a second strand number for the second pin;
determining whether the first set of spacetiles is to be used
to implement a second interconnect for the second pin;

generating a second set of spacetiles by at least performing
a spacetile punch for the region of interest where the first
set of spacetiles is determined not to be used to imple-
ment the second interconnect for the second pin;

performing the area-based search by using at least the first
set of spacetiles or the second set of spacetiles to gener-
ate a second routing solution for the second pin; and

implementing the second interconnect for the second pin
by using at least the second routing solution.
18. The computer implemented method of claim 16,
wherein the process further comprises:
performing the area-based search by using at least the first
set of spacetiles or a second set of spacetiles to generate
a bridging routing solution for the second pin;

implementing a third interconnect to bridge the first inter-
connect and a second interconnect by using at least the
bridging routing solution;

strapping the first interconnect and the third interconnect at

a first intersection of the first interconnect and the third
interconnect; and

strapping the second interconnect and the third intercon-

nect at a second intersection of the second interconnect
and the third interconnect.

19. A system for implementing high current carrying inter-
connects in an electronic design, comprising:

at least one processor or at least one processor core of an

electronic design automation (EDA) system that is at
least to:

identify a first pin and a second pin of a plurality of pins in

the electronic design;

determine or identify an available area for interconnecting

the first pin and the second pin by analyzing a region of
interest; and

implement a first interconnect for the first pin based at least

in part upon a first strand number for the first intercon-
nect used to connect the first pin and the second pin and
an electric current requirement, rather than upon chang-
ing a width of the first interconnect for the first pin.
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20. The system of claim 19, wherein the at least one pro-
cessor or at least one processor core is further to:

cluster multiple pins of the plurality of pins to form a single

pin.

21. The system of claim 20, wherein the at least one pro-
cessor or at least one processor core is further to:

determine or identify a routing topology based at least in

part upon a characteristic of the first pin and the second
pin of the plurality of pins.

22. The system of claim 19, wherein the at least one pro-
cessor or at least one processor core is further to:

strap the first interconnect for the first pin and a second

interconnect for the second pin at an intersection of the
first interconnect and the second interconnect.

23. The system of claim 19, wherein the at least one pro-
cessor or at least one processor core is further to:

identify a blockage in the region of interest; and

determine whether the blockage can be modified.

24. The system of claim 20, wherein the at least one pro-
cessor or the at least one processor core that is to cluster the
multiple pins is further to:

identify a threshold requirement of proximity between two

adjacent pins of the multiple pins;

identify the multiple pins based at least in part upon the

threshold requirement of proximity; and

cluster the multiple pins into the single pin based at least in

part upon an area match or a boundary match.

25. The system of claim 19, wherein the at least one pro-
cessor or at least one processor core is further to:

determine or identify one or more first valid intervals for

the region of interest.

26. The system of claim 25, wherein the at least one pro-
cessor or at least one process core is further to:

generate a first set of spacetiles by at least performing a

spacetile punch for the region of interest;

identify a first boundary of the region of interest based at

least in part upon the first pin or the second pin; and
identify or determine the one or more first valid intervals

with respect to the first boundary based at least in part

upon analyzing at least some of the first set of spacetiles.

27. An article of manufacture comprising a non-transitory
computer accessible storage medium having stored there-
upon a sequence of instructions which, when executed by at
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least one processor or at least one processor core executing
one or more threads, causes the at least one processor or the at
least one processor core to perform a method for implement-
ing high current carrying interconnects in an electronic
design, the method comprising:
using the at least one processor or the at least one processor
core of an electronic design automation (EDA) system to
perform a process, the process comprising:
identifying a first pin and a second pin of a plurality of pins
in the electronic design;
determining or identifying an available area for intercon-
necting the first pin and the second pin by analyzing a
region of interest; and
implementing a first interconnect for the first pin based at
least in part upon a first strand number for the first
interconnect used to connect the first pin and the second
pin and an electric current requirement, rather than upon
changing a width of the first interconnect for the first pin.
28. The article of manufacture of claim 27, wherein the act
of implementing the first interconnect comprises:
performing an area-based search using at least one space-
tile of a first set of spacetiles to identify a first routing
solution from the first pin; and
implementing the first interconnect for the first pin by
using at least the first routing solution.
29. The article of manufacture of claim 28, wherein the
process further comprises:
identifying a second strand number for the second pin;
determining whether the first set of spacetiles is to be used
to implement a second interconnect for the second pin;
generating a second set of spacetiles by at least performing
a spacetile punch for the region of interest where the first
set of spacetiles is determined not to be used to imple-
ment the second interconnect for the second pin;
performing the area-based search by using at least the first
set of spacetiles or the second set of spacetiles to gener-
ate a second routing solution for the second pin; and
implementing the second interconnect for the second pin
by using at least the second routing solution.
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